Background. GPs insufficiently follow guidelines regarding consultation and referral for chronic kidney disease (CKD). Objective. To identify patient characteristics and quality of care (QoC) in CKD patients with whom consultation and referral recommendations were not followed. Method. A 14 month prospective observational cohort study of primary care patients with CKD stage 3-5. 47 practices participated, serving 207 469 people. 2547 CKD patients fulfilled consultation criteria, 225 fulfilled referral criteria. We compared characteristics of patients managed by GPs with patients receiving nephrologist co-management. We assessed QoC as adherence to monitoring criteria, CKD recognition and achievement of blood pressure (BP) targets. Results. Patients treated in primary care despite a consultation recommendation (94%) had higher eGFR values (OR 1.07; 95% CI: 1.05-1.09), were less often monitored for renal function (OR 0.42; 95% CI: 0.24-0.74) and potassium (OR 0.56; 95% CI: 0.35-0.92) and CKD was less frequently recognised (OR 0.46; 95% CI: 0.31-0.68) than in patients with nephrologist co-management. Patients treated in primary care despite referral recommendation (70%) were older (OR 1.03; 95% CI:1.01-1.06) and had less cardiovascular disease (OR 0.37; 95% CI: 0.19-0.73). Overall, in patients solely managed by GPs, CKD recognition was 50%, monitoring disease progression in 36% and metabolic parameters in 3%, BP targets were achieved in 51%. Monitoring of renal function and BP was positively associated with diabetes (OR 3.10;) and hypertension (OR 3.19;). Conclusion. Patients remaining in primary care despite nephrologists' co-management recommendations were inadequately monitored, and BP targets were insufficiently met. CKD patients without cardiovascular comorbidity or diabetes require extra attention to guarantee adequate monitoring of renal function and BP.
Introduction
Chronic kidney disease (CKD) is a major global health problem with an increasing prevalence, due to aging of the population and rising incidence of hypertension and diabetes (1) . CKD is associated with a high risk of cardiovascular morbidity, mortality and deterioration to end-stage renal disease (ESRD) (2) . Prevention of cardiovascular events and preservation of kidney function requires early detection and proactive management of patients at high risk (3) . As a consequence, care for patients with CKD necessitates a tailored pathway between primary and secondary care.
A high level of primary care engagement helps to ensure patientcentered and accessible care. This is especially important in advanced or complicated cases of CKD, where collaborative care with a nephrologist should be recommended (4) . The NICE guideline provides general practitioners (GPs) and nephrologists with recommendations on CKD management (5) . In the Netherlands, the Dutch interdisciplinary CKD-guideline (DIG-CKD) for primary care and nephrology describes optimal shared care for CKD patients (6) . However, both literature from other researchers and our own group have noted deficiencies in the quality of care (QoC) delivered (7, 8) . We found that in only 8.3% of the patients recommendations from CKD guidelines with respect to consultation and referral to specialist care were followed (8) . It is not known to what extent this affects QoC.
There are a variety of barriers to guideline adherence, of which the doctor, patient and practice factors play an important role. To our knowledge, little is known about the role of the patient and practice factors in referral and consultation decisions of GPs in CKD patients. Studies that specifically evaluate the impact of non-adherence to consultation and referral guidelines on QoC are scarce (7) . We need better understanding of why current recommendations with respect to consultation or referral are not followed, and what consequences this generates for QoC. To address this issue, the primary aim of this study was to assess what patient and practice characteristics in CKD patients are associated with non-adherence to guidelines, regarding referral and consultation. The secondary aim was to describe QoC in patients without nephrologists' co-management, despite guideline advice, and to identify patient characteristics associated with adequate monitoring.
Methods

Setting
In a prospective observational cohort study we performed a secondary analysis of data from the CONTACT cluster randomised controlled trial [Consultation Of Nephrology by Telenephrology Allows optimal Chronic kidney disease Treatment in primary care (Netherlands Trial Registration code 2368)]. The trial evaluated the effect of webbased consultation between GPs and nephrologists on in-person referral rates of adult CKD patients from 47 general practices, during 14 months of follow-up ( Figure 1) . By using the DIG-CKD's classification, we included patients who met the criteria for nephrologists' consultation or referral, based on age, eGFR and albuminuria. Patients referred before the start of the trial were excluded. Data was derived from GPs' electronic medical records (EMRs). Further details about this procedure and data sources are described elsewhere (8, 9) .
Classification
We defined patients who were subject to consultation or referred to nephrologist care, as 'Nephrologists co-Management (NcM)'. In absence of consultation or referral, patients were defined as 'Principal Primary Care (PPC)'.
Patient and practice characteristics
We included patient demographics, clinical data, comorbidities defined by International Classification of Primary Care (ICPC) codes (10) i.e. a history of diabetes (T90), hypertension (K86, K87) and cardiovascular disease (K74-K77, K89, K90, K92), and polypharmacy defined as 5 or more prescriptions of different chronic medications at baseline. Practice characteristics included type (solo-, duo-or group-practice), involvement in the GP-specialty-training and level of urbanization. All characteristics were recorded prior to the study period.
Quality of care
To determine QoC we assessed adherence to indicators as mentioned in the DIG-CKD, prior and during 14 months of follow-up. Indicators were: 
Data analysis
The consultation and referral group differed in CKD severity, therefore we analysed outcomes separately. Patients lost to followup were excluded. We performed a multilevel multivariate logistic regression model to identify associated patient and practice characteristics (PROC GLIMMIX in SAS) due to the hierarchical structure of our study (patients nested within practices). We did the multilevel multivariate logistic regression analysis with all variables from the univariate multilevel analysis with P values <0.20. Only variables with less than 20% missing values were included for analysis. In a backward elimination procedure, we sequentially removed the associated characteristic with the highest P values until all remaining variables were significant at the P < 0.05 level. To determine associations with monitoring, we additionally analysed the monitoring of both renal function and blood pressure as one dependent variable. We used descriptive statistics to assess adherence to process and outcome indicators (SPSS version 20.0).
Results
Study population
47 practices participated in the CONTACT study, serving a population of 207 469 people. 3084 patients were eligible for inclusion. 312 patients were excluded, mostly due to passing away and moving, which left 2772 patients for analysis (Fig. 1 ). Of these, 2547 patients fulfilled the criteria for consultation, and 225 patients for referral. Table 2 ). In the multilevel logistic regression analysis patients in PPC were more likely to be older (OR 1.03; 95%CI 1.01-1.06) and less likely to have cardiovascular disease (CVD; OR 0.37; 95%CI 0.19-0.73) ( Table 3) . None of the practice characteristics were significantly associated with PPC.
Quality of care in PPC patients despite consultation or referral recommendation
In those PPC patients where guideline recommendations should have led to a consultation, GPs recognised CKD in 50.1% (1201/2398), followed the guideline for monitoring disease progression in 34.8% (834/2398) and for metabolic parameters in 3.2% (77/2398). BP targets (<140/90mmHg) were achieved in 52.1% (Table 4) . Monitoring of renal function and BP was associated with a history of diabetes (OR 3.10; 95% CI: 2.47-3.88) and hypertension (OR 3.19; 95% CI: 2.67-3.82) ( Table 5) .
In PPC patients where guideline recommendations should have led to a referral, GPs recognised CKD in 43.7% (69/158), followed the guideline for monitoring disease progression in 46.2% (73/158) and for monitoring metabolic parameters in 2.5% (4/158). BP targets (<140/90 mmHg) were achieved in 39.7% (Table 4) . Monitoring of renal function and BP was positively associated with age (OR 1.03; 95% CI: 1.00-1.06), a history of diabetes (OR 7.78; 95% CI: 3.21-18.87) and hypertension (OR 3.35; 95% CI: 1.45-7.77) ( Table 5 ).
Discussion
Major findings
Overall, adherence by GPs to the guideline recommendations regarding a consultation or referral was low. As a consequence, the vast majority of CKD patients were only managed in primary care, without nephrologists' co-management. These patients were less frequently assigned with a CKD diagnosis in their EMR than patients who received nephrologists' co-management. Factors related to management in primary care, despite a consultation recommendation, were higher eGFR values, lack of CKD recognition and absence of monitoring renal function and potassium. In the group of patients advised with a referral, patients managed in primary care were older and had less cardiovascular disease.
Furthermore, GPs did not sufficiently monitor disease progression and metabolic parameters. Monitoring of renal function and blood pressure occurred more often in patients with a history of diabetes or hypertension.
Strengths and limitations
To our knowledge, this study is one of the very few to investigate factors related to low levels of nephrologists co-management and to determine subsequent QoC. ) or serum creatinine. Albuminuria: albumin creatinine ratio or urine albumin. ****The percentages show the achieved blood pressure targets divided by the number of blood pressure measurements. Process and outcome indicators are derived from the interdisciplinary CKD-guideline for primary care and nephrology. For each indicator, performance in the preceding 14 months is shown.
The consultation and referral group differed in CKD severity. For that reason we analysed the groups separately. The distinction enabled targeted results of both groups. Furthermore, we performed a multilevel analysis taking possible differences between the general practices into account.
Several limitations should be considered. First, we included patients in the study based on a single creatinine and albumin assessment, whereas two measurements are advised. Thus, the approach used in this study may have overestimated the number of CKD 2 ) or serum creatinine. Albuminuria: albumin creatinine ratio or urine albumin. ****The percentages show the achieved blood pressure targets divided by the number of blood pressure measurements. Process-and outcome indicators are derived from the interdisciplinary CKD-guideline for primary care and nephrology. For each indicator, performance in the preceding 14 months is shown.
patients. Second, we used data from practices participating in an RCT, which could have led to selection bias of motivated GPs and overestimation of QoC. Also, the number of referrals and consultations could be underestimated, as patients who had been referred before start of the trial were not included. Furthermore, follow-up length and number of patients did not allow endpoints like mortality or progression to ESRD. It was not possible to compare QoC between patients in PPC and NcM as we did not have access to data from the latter.
Comparison with existing literature
Patient characteristics related to consultation or referral A similar study design found predictors for active nephrologists co-management; younger age, presence of hypertension and male gender (7). In our study, age also played a role in the referral process. The effect of age varied between the consultation and referral group. In the consultation group, PPC patients were younger compared to patients who received nephrologists co-management. This is remarkable, since younger patients with impaired renal function are more likely to have kidney pathology than older patients. In the referral group, PPC patients were older and age was positively associated with PPC. Other studies also found associations between higher age and non-referral (11, 12) . Based on patients characteristics and treatments needs, Wonnacot et al. argued there is no evidence to assume that patients over 75 years old have less need for nephrologists care than younger patients (13) .
The eGFR value indicates a need for GPs to ask for the advice of nephrologists. This is confirmed by a British study in which patients without a referral showed higher eGFR values (28.5 ml/min/1.73 2 ) than the total CKD population (23.4 ml/min/1.73
2 ) (12). Patients with diabetes or hypertension often received nephrologists' co-management. Other research shows inconsistencies about the association between comorbidity and nephrologists' referral (11, 14) . Also, cardiovascular disease is related to nephrologists' co-management. In our previous study (9) CKD-patients in primary ) or serum creatinine. Albuminuria: albumin creatinine ratio or urine albumin. ****The percentages show the achieved blood pressure targets divided by the number of blood pressure measurements. Process and outcome indicators are derived from the interdisciplinary CKD-guideline for primary care and nephrology. For each indicator, performance in the 14 months of the CONTACT trial is shown. Table 3 . Odds ratios of baseline patient and process characteristics for treatment of CKD in principal primary care; consultation (n = 2547) and referral group (n = 225) care with cardiovascular disease received less monitoring than patients without cardiovascular disease, suggesting monitoring was left to the discretion of the cardiologists.
Quality of care in patients without nephrologists' co-management. CKD recognition in our study was low. This is in line with other studies where recognition varied between 27.1% and 48.1% (15, 16) . The ICPC code U99.1 for impaired renal function was more often applied to patients who received nephrologists co-management (7, 16) . It is unclear whether there is a causal relationship between the absence of CKD recognition by the GPs and not involving nephrologists, despite guideline advice. This could be due to GPs recognising CKD but having reasons for not assigning a diagnosis and seeking collaboration with the nephrologist. Another study yielded approximately the same degree of monitoring of disease progression and metabolic parameters (17) . A US study supported that GPs do not sufficiently monitor metabolic parameters (7) . Regarding blood pressure targets, Samal et al. demonstrated 71% of the patients had blood pressure below 140/90 mmHg and 45% below 130/90 mmHg (17) . These outcomes are better compared to ours.
Implications for research and/or practice
We assumed that GPs would provide adequate care for CKD patients managed in primary care, despite a referral or consultation recommendation in the interdisciplinary guideline. This study unfortunately shows more of the opposite. GPs often did not provide adequate care as recommended by the guideline. This raises the question 'why?'. Future qualitative research could reveal GPs' perspectives on CKD management and guideline recommendations. When GPs have good reasons for not seeking nephrologists involvement, they must still ask themselves whether QoC is sufficiently guaranteed, especially in case of higher age, higher eGFR or absence of diabetes or hypertension.
In the Netherlands, care for patients with chronic conditions is standardized in chronic care programs (18) wherein GPs have a leading role and a proactive approach. Much of the observed CKD management was most likely performed as part of care for regular cardiovascular disease or diabetes. In this approach there is a lacuna for CKD patients without comorbidity, as they are not included in current chronic care programs.
Embedding CKD care in a model comparable to that of diabetes or hypertension would be a good chance to improve monitoring and treatment of CKD patients. There is a risk in organizing a variety of pathways for patients with multi morbidity. In case of multiple comorbidities, care models should be integrated with each other to ensure patient centered chronic care (19) .
CKD recognition may be regarded as a proxy for CKD awareness (20) . Strategies to increase awareness may be sought after in education and in terms of financial support. Furthermore, electronic feedback from laboratory results in the electronic medical records could identify CKD patients. Also GPs could check periodically if they have overlooked CKD patients.
Conclusion
Despite the existence of an interdisciplinary guideline, in the Netherlands nephrologists' co-management level is low. QoC for patients remaining in primary care, despite a consultation or referral recommendation, is exceedingly suboptimal. This is especially the case in CKD patients not already embedded in a Chronic Care Model for diabetes or cardiovascular disease. We observed an alarming low rate of renal function and blood pressure monitoring. For this reason, primary care CKD patients without cardiovascular comorbidity or diabetes require extra efforts to guarantee adequate monitoring of renal function and blood pressure.
